Abstract. Interactions between birds and mistletoes have been described in many regions worldwide, with most research focusing exclusively on the role of birds as seed and pollen vectors for these hemiparasitic plants. Mistletoe is also widely used by birds as a nesting site, with a recent family-level compilation identifying species in 43 families worldwide nesting in mistletoes. We reviewed breeding and nesting accounts of Australian birds to explore the extent of mistletoe nesting at the species level within an entire avifauna. In total, 217 species of Australian arboreal nesting bird from 29 families are here reported nesting in mistletoes, representing 66% of Australian species that nest in the foliage of trees. A further 28 species are also known to nest in mistletoes incidentally. This increases the total number of avian families known to exhibit this behaviour worldwide to 60, across 16 orders. Although no species can be considered an obligate mistletoe nester, several families regularly nest in mistletoes with >90% of Australian species known to have nested in mistletoes, including Pomatostomidae, Artamidae, Corvidae and Ptilonorhynchidae. Determining preference for mistletoe nesting is a priority for understanding this behaviour and we present guidelines for evaluating whether a particular species preferentially uses mistletoe as a nest-site. We postulate that the evergreen, dense habit of mistletoes provide a strong structural substrate on which to build a nest, offering a higher level of concealment and a more moderate nest microclimate than otherwise similar arboreal nest-sites. These features may also have a role in reducing nest predation and enhancing survivorship of nestlings. Future studies should focus on the mechanisms underlying this pattern using field experiments to evaluate the influence of mistletoe on nest microclimate, rates of predation and nest success.
Introduction
Although mistletoes (abundance, species richness and biomass) form a minor component of most undisturbed habitats, they have a disproportionate impact on the vertebrate community (Watson 2001 (Watson , 2002 . Mistletoes provide food and shelter and also modify the structure of forests, increasing the forest's habitat value for many bird and mammal species (Bennetts et al. 1996; Watson 2001) . Hence, mistletoes are considered to function as a keystone resource in many undisturbed habitats around the world (Watson 2001) .
While the dispersal and pollination relationships between birds and mistletoes are well known (Calder 1983; Reid 1986 ; see also Watson 2001 and references therein), little attention has been given to the role of mistletoes as a nestsite. Watson (2001) first documented the popularity of mistletoes as a nest-site, identifying species from 43 avian families worldwide (and seven mammalian families) that nested or roosted in mistletoes.
In this contribution, we review the evidence for mistletoe nesting in all 454 species of land birds breeding in Australia (Ford 1989 ) to assess the occurrence and extent of mistletoe nesting for an entire avifauna. Australia is the ideal region in which to conduct such a review since the avifauna is well known and nidification is described for most species (North 1901 (North , 1906 (North , 1912 (North , 1913 Campbell 1974a Campbell , 1974b Beruldsen 2004) . Having documented the incidence of this behaviour, we review the evidence for preferential use of mistletoe. We then explore the potential underlying mechanisms, identifying structure, predator avoidance and microclimate as likely reasons for nesting in mistletoe. Finally, we identify gaps in our understanding of the role of mistletoe as a nest-site and present hypotheses to guide further work.
All accounts of the breeding biology of Australian birds published since 1900 in Emu and three monographs on the nests and eggs of Australian birds were searched for references to birds nesting in mistletoes (North 1901 (North , 1906 (North , 1912 (North , 1913 Campbell 1974a Campbell , 1974b Beruldsen 2004) . The breeding sections of the Handbook of Australian, New Zealand and Antarctic Birds (HANZAB), Volumes 1-7 Higgins 1990, 1993; Higgins and Davies 1996; Higgins 1999; Higgins et al. 2001 Higgins et al. , 2006 Higgins and Peter 2002) were also searched. For selected species the Birds Australia Nest Record Scheme (NRS) was searched.
In addition, unpublished records of birds nesting in mistletoe were solicited from ornithologists and birdwatchers throughout the country via a number of general requests and then via specific requests to selected ornithologists to ensure that we obtained national coverage. Finally, we extracted records from our own extensive field notes and unpublished observations. Many of these records were gathered over 20 years by John Young while working on film documentaries about birds in all parts of the country.
Which birds will nest in mistletoe?
Two hundred and seventeen species of Australian arboreal nesting bird from 29 families have been recorded nesting in mistletoes (Table 1) , comprising 47 species of non-passerines in eight families, and 170 species of passerines in 21 families. This represents 66% of the 330 Australian birds that nest above ground in the foliage of trees or shrubs (hereafter termed arboreal nesters, after Bennett and Owens 2002) . Another 28 species, not normally arboreal nesters, or birds that do not build their own nests, have also been reported nesting in mistletoes (Table 2) .
In 15 families, more than half the Australian species have been recorded nesting in mistletoes, including all Australian members of the Corvidae and Pomatostomidae and all but one of the Australian species in the Artamidae and Ptilonorhynchidae. The only species of Artamidae that has not been recorded nesting in mistletoes is the Black Currawong (Strepera fuliginosa), which is endemic to Tasmania, where mistletoes are absent (Barlow 1981) .
Species that nest in mistletoes range from the 2.5 kg Australian White Ibis (Threskiornis molucca) that places its nest atop mistletoes (J. Young, personal observation) to the 9 g Mistletoebird (Dicaeum hirundinaceum) that builds its enclosed nest 'well hidden within the mistletoe clump' (NRS, record 564/57).
Frequency of mistletoe nesting within Australian bird species
Could it be that nesting in mistletoes does not result from any specific decisions or site-selection criteria, but is merely accidental -that is, most arboreal nesters occasionally build a nest in mistletoe purely by chance? In all habitats in Australia, mistletoes represent a minor component, in terms of number of individual plants, species richness and overall biomass (Watson 2001) . Therefore, although chance may explain the records for waterbirds and other species that nest in mistletoes infrequently, we suggest that chance alone is insufficient to explain the incidence of this behaviour recorded in other groups.
Where mistletoe nesting has been systematically quantified at the species level, it can occur frequently. For example, of 229 nests of Noisy Friarbirds (Philemon corniculatus) and 97 nests of Red Wattlebirds (Anthochaera carunculata) in northern New South Wales, 28 and 29%, respectively, were in mistletoes (Ford 1999) , whereas in the same forest 14% of Rufous Whistler (Pachycephala rufiventris) nests were in mistletoes (n = 264; Bridges 1994) . As the estimated abundance of mistletoes in this area is <0.1% of the total canopy volume (H. A. Ford, personal communication) , the selection of mistletoe as a nest-site at this study site seems to occur far more often than would occur by chance alone, even accounting for the site-fidelity demonstrated by some individual birds in Ford's (1998) study.
Another large honeyeater that frequently uses mistletoes as a nest-site is the Regent Honeyeater (Xanthomyza phrygia). Two studies of Regent Honeyeaters in northern and central New South Wales found that 17.6% (n = 51; Oliver et al. 1998) and 5.6% (n = 144; Geering and French 1998) of nesting attempts were in mistletoes. Like many species of Accipiter in North America, Brown Goshawks (Accipiter fasciatus) also regularly nest in mistletoes. Aumann (1989) found 14.6% of the nests of Brown Goshawks in Victoria were placed in mistletoes (n = 48) and this is supported by the NRS that reports 15% of Goshawk nests in mistletoe. Further, the NRS has 9.9% (n = 92) of Diamond Firetail (Stagonopleura guttata) nests in mistletoes. In contrast Noisy Miners (Manorina melanocephala; Whitmore 1984) and Black-eared Miners (M. melanotis; R. Clarke, personal communication) only nested in mistletoes on 3.7% (n = 54) and 1.5% (n = 262) of occasions, respectively, displaying a low rate of mistletoe nesting in these studies. However, in each of these last six examples there has been no quantification of the amount of mistletoe in the habitat, random nest placement cannot be ruled out and therefore the true significance of these frequencies is not clear.
Other mistletoe-bird nesting interactions
In addition to the 217 species of arboreal nesting birds that nest in mistletoes, another 28 birds that do not usually nest in trees, or do not build their own nests, have been reported nesting in mistletoes (Table 2) .
Six species of duck and one rail have been reported to opportunistically use partly submerged mistletoes in flooded creeks as platforms upon which to build their nests. Furthermore, many ground nesting species use fallen and dead mistletoe as a nesting substrate, such as the Rufous Scrub-bird (Atrichornis rufescens) and the Grey Grasswren (Amytornis barbatus), though in these two cases a more usual nesting substrate (Lomandra sp. and Muehlenbeckia cunninghamii respectively) had grown through the mistletoe and the nest was placed in this material. The record of a Laughing Kookaburra (Dacelo novaeguineae), usually a hollow nester, nesting in mistletoe (Smith 1992 ) was surprising, but may relate to the dense canopy provided by mistletoes.
The records of falcons nesting in mistletoes adds a further dimension; these birds not uncommonly co-opt a corvid or artamid nest. Similarly, all Australian species of the 
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Cuculidae have been observed parasitising nests built in mistletoes. However, the selection of the nest substrate in all except one of these species is not attributable to that species (as they do not build the nest) and therefore will not be considered further.
How significant is mistletoe to Australia's arboreal nesters?
More than half of Australia's arboreal nesting birds use mistletoes as a nest-site at least occasionally and, in each case where the extent of mistletoe use has been investigated, the study species has been shown to use it more frequently than would be expected from the abundance of mistletoes in its habitat. This raises some questions about the use of mistletoes as a nest-site:
• Do some species preferentially nest in mistletoes?
• What are the characteristics of, and relationships between, these species? • Why might such a preference exist?
Evaluating preference for mistletoe nesting
Determining that a particular species has a preference for the use of mistletoe as a nest-site should be a priority for future researchers wishing to understand this behaviour. This can be achieved by comparing the number of nests placed in mistletoes with the abundance of mistletoe in an area, as a proportion of the total number of potential nestsites. Here we suggest a simple template for determining nest-site preference for a range of species whose nests can be identified.
To evaluate preference in Diamond Firetails we conducted a comprehensive search for Firetail nests in a defined study area (see Cooney and Watson 2005) . When a nest was located we recorded the type of plant in which the nest was situated. To measure nest-site availability we assessed the relative amounts of each potential nesting substrate at randomly selected points within the study area. At each of these points the arboreal vegetation was recorded as mistletoe, Eucalyptus or other. We used a one-tailed Fisher's exact test List of sources; where only a name given it is a personal communication.
(1) Aumann (1989) ; (2) Beruldsen (1980); (3) Beruldsen (2004); (4) Bridges (1994); (5) Campbell (1974a) ; (6) Campbell (1974b) ; (7) Cooney (2004); (8) to compare the frequency of nests placed in mistletoe with the frequency of random points that coincided with mistletoe in the canopy.
While mistletoes conservatively accounted for ~2.3% of the canopy at our study site, 30% of the Firetail nests (n = 43) were located in mistletoes -a highly significant result, consistent with a preference for nesting in mistletoe (Cooney and Watson 2005) .
To understand the consequences of nesting in mistletoe, knowing which species do not exhibit this behaviour (or do so only occasionally) is also important. Are some nest-types more likely to be situated in mistletoe clumps -hanging cup nests typical of medium-size honeyeaters might be especially secure in mistletoe clumps, as opposed to shallow saucer nests or deep stick nests? In order to make these evaluations and draw inferences about preference or avoidance, Mistletoe nesting in Australian birds Table 2 . Other Australian bird species recorded nesting in mistletoe Birds recorded nesting in mistletoe that are not usually found nesting in the foliage of plants, that do not nest arboreally, or that do not build their own nests (falcons and cuckoos). Where no species of mistletoe is listed in the notes, the nest was located in an unknown mistletoe within the stated host-plant, and where no notes occur only the occurrence of nesting in a mistletoe was recorded; letters in parentheses attribute a record to an individual observer where more than one source is cited. Abbreviations used in notes: E. denotes Eucalyptus species;
Am. systematically collected data are required about the nidification of populations and species -data which currently are not available for most species. Even for those species that have been well studied, it is unclear how their findings should be interpreted. Before Watson (2001) , the value of mistletoe as a nesting substrate had not been formally acknowledged, and thus mistletoe nesting may have been overlooked and mistletoe nests classified only as another foliage nest.
What are the characteristics of mistletoe-nesting birds?
The artamids, birds of paradise, corvids and bowerbirds all exhibit a high degree of mistletoe nesting at a familial level, with >90% of Australian species in each family having been recorded nesting in mistletoes. Of these families, three are considered sister taxa, whereas the fourth is closely allied (Christidis and Boles 1994) .
At a specific level, the five malurid fairy-wrens that have been reported nesting in mistletoe form two closely related clades (Christidis and Schodde 1997) . The blue cyaneus group (consisting of Malurus cyaneus, M. splendens and M. coronatus), as well as two of the four members of the chestnut-shouldered lamberti group (M. lamberti and M. amabilis), have been reported to nest in mistletoes.
This concentrated incidence of mistletoe nesting in some taxonomic groups suggests that there might be monophyletic groups of Australian birds that commonly nest in mistletoes. Perhaps this is an artefact of the type of nest built, rather than a phylogenetic trait. For example, nest architecture has previously been used to reconstruct avian relationships and to provide a test for the monophyly of taxa (Zyskowski and Prum 1999; Sheldon and Winkler 1999) . Such an approach is a potentially rewarding new field of enquiry. However, we currently lack sufficient frequency data at the species level to support the investigation of phylogenetic relationships of mistletoe use, and therefore the significance of these apparent patterns remain to be tested.
Why do birds nest in mistletoe?
There are a number of possible benefits that may derive from nesting in mistletoes. The reasons for nesting in mistletoe may vary according to the different needs of the species exhibiting this behaviour. Nevertheless, at least three likely explanations warrant investigation: (1) the structural attributes of mistletoe; (2) different levels of predation between mistletoes and other arboreal nest-sites; and (3) differences between the microclimate of mistletoe nestsites and other arboreal nest-sites.
(
1) Structural attributes of mistletoe
It may be that the birds that nest in mistletoe are attracted only by the structure provided by mistletoes. In many woodland habitats, mistletoe plants are far denser than their eucalypt hosts, and potentially provide a superior nest-site than a sparsely foliaged eucalypt. In these incidences it is not the mistletoe itself that is attractive to the nesting bird, rather the habit of the plant possesses features that correspond to the type of nest-site attributes favoured by these birds.
Nest building is time-consuming and energetically expensive (Collias and Collias 1984; Mountjoy and Robertson 1988) . By providing a dense clump of vegetation as a base for building, nests in mistletoes may require less time, effort and expertise to build a nest to completion. Furthermore, the rigid structural framework provided by a mistletoe clump and the secure nest-attachment provided by the haustorium can be a particularly strong and stable scaffold on which to build a stick nest (O'Gorman 1981; Oliver et al. 1998) , reducing the risk of the nest collapsing or being blown from the tree in high winds. Many of the families that regularly nest in mistletoes employ a 'fetch and drop' method of construction, in which little attempt is made by the bird to interlock the nesting material, hence these nests require a stable base (e.g. Corvidae, Columbidae ; Hansell 2000) .
It is also noteworthy that the 32 Australian species that have been found nesting only in dead mistletoes are not deriving any concealment or chemical benefit from the foliage of the plant and are only exploiting the structural attributes of mistletoes. This supports the premise that the rigid branches of the mistletoe provide them with a suitable scaffold on which to build their nests.
(2) Reducing the risk of predation
Dense vegetation can impede the movement of mammalian predators through the canopy (Larivière and Messier 1998) and reduce the foraging efficiency of avian predators (Sugden and Beyersbergen 1986) . Oliver et al. (1998) postulated that the dense habit of mistletoe nest-sites may afford greater protection from predation for Regent Honeyeaters than non-mistletoe sites. However, the dense foliage associated with mistletoe clumps also provides cover for ambush predators (Rose 1962; P. Vaughan, personal communication) , potentially leading to elevated rates of predation in and around mistletoe clumps.
Despite this potential to reduce predation, all of the parasitic cuckoos (Cuculidae) in Australia have been recorded in nests placed in mistletoe, which suggests that against these species, concealment in mistletoes may not be an effective means of defence. Further, Ford (1999) found that nests of large honeyeaters in mistletoes were not subject to a reduced predation risk. However, the two species in Ford's (1999) study actively defend nests (Higgins et al. 2001) , a strategy that reduces the effectiveness of concealment as a predator deterrent (Weidinger 2002) .
(3) Nest microclimate
Many bird species actively select nest-sites and engage in nesting behaviour that optimises the temperature and humidity within the nest (Calder 1973; Martin and Roper 1988; Rahn and Paganelli 1990; With and Webb 1993; Hilton et al. 2004 ; but see Walsberg 1983) . Mistletoes have the potential to ameliorate climatic extremes owing to their dense, evergreen habit and sturdy structure (Calder 1983) . The semi-succulent nature of mistletoe leaves and their high water content relative to host leaves (Ehleringer and Marshall 1995) may have a profound effect on microclimate by moderating diel fluctuations in ambient temperature and relative humidity. This amelioration may be especially important for birds that nest in hot, arid regions (under which conditions nest-site selection becomes increasingly important; Ricklefs and Hainsworth 1969) . Anecdotal evidence supports this argument. On a hot summer's day in a woodland in Canberra, Australia, the only place that birds could be found was in denser clumps of mistletoe, presumably because it had a cooler microclimate than the surrounding vegetation (A. Cockburn, personal communication). Furthermore, both Barking Owls (Ninox connivens; N. Schedvin, personal communication) and Koalas (Phascolarctos cinereus; S. Cox, personal communication) are known to shelter in mistletoe clumps on hot days.
Future research
This review has shown that a large number of Australian bird species nest in mistletoes. Although this is not necessarily significant in itself, there is emerging evidence to suggest that mistletoes are used preferentially by at least some, and probably many, species (Cooney and Watson 2005; Ford 1999 ). This preference and the several possible reasons why mistletoe might be sought as a nest-site are potentially fertile areas for future research.
To guide further work and facilitate future investigations of this pattern, a series of explicit predictions can be formulated to understand the value of mistletoes as a nest-site. Relative to other arboreal nests, nests in mistletoes might be expected to: (1) require less time and effort to build; (2) provide a more stable structure and be less likely to be affected by windthrow; (3) experience reduced rates of predation; and (4) have a more moderate microclimate in terms of both relative humidity and temperature. To test these hypotheses, more exploratory research is needed, both for individual bird species (especially those known to nest in mistletoes frequently) and for entire avian assemblages. Examining the distributions of mistletoe nesters in relation to mistletoe occurrence is also required to elucidate the relative importance of mistletoe for different species in different habitats and geographical regions. Furthermore, identifying how widespread this pattern is, why some groups (e.g. accipitrine hawks, bowerbirds, turacos, mousebirds) seem more disposed to this behaviour, and why some groups (bulbuls, sunbirds, tyrant-flycatchers, antbirds) rarely exhibit this behaviour are all open questions that must await further work.
